In the present work we examined the hypothesis that, a core mass function (CMF), such as the one deduced for cores in the Orion molecular cloud (OMC), could possibly be the primogenitor of the stellar initial mass function (IMF). Using the rate of accretion of a protostar from its natal core as a free parameter, we demonstrate its quintessential role in determining the shape of the IMF. By varying the rate of accretion, we show that a stellar mass distribution similar to the universal IMF could possibly be generated starting from either a typical CMF such as the one for the OMC, or a uniform distribution of prestellar core masses which leads us to suggest, the apparent similarity in shapes of the CMF and the IMF is perhaps, only incidental. The apodosis of the argument being, complex physical processes leading to stellar birth are crucial in determining the final stellar masses, and consequently, the shape of stellar mass distribution. This work entails partial Monte-Carlo treatment of the problem, and starting with a randomly picked sample of cores, and on the basis of classical arguments which include protostellar feedback and cooling due to emission from warm dust, a theoretical distribution of stellar masses is derived for five realisations of the problem; the magnetic field, though, has Email address: sumedh a@iiap.res.in (Anathpindika, S.) Preprint submitted to New Astronomy January 13, 2013 been left out of this exercise.
Introduction
While the formation of stars is now reasonably well understood, the question related to the distribution of stellar masses at birth characterised by the so called stellar initial mass function (IMF), and in particular, about the shape of the IMF, is still far from being resolved. The multiplicity of stars is also well known, in fact, nearly half the stars in the solar neighbourhood have at least one companion, of which, the M-dwarfs form a large proportion (e.g.
Duquennoy & Mayor 1991; Fischer & Marcy 1992; Thies & Kroupa 2007).
An empirical power-law distribution for stellar masses was first suggested by Salpeter (1955) , however, this distribution was defined for relatively high mass (greater then 1 M ⊙ ) stars only. More recent observations have revealed stellar objects with sub-solar masses, as low as as ∼0.02 M ⊙ , the Browndwarfs (BDs), which also appear to have companions. In fact, the IMF for BDs suggested by Thies & Kroupa (2008) shows a discontinuity at the hydrogen burning limit. Lada et. al. 1996) , and Ophiuchus (e.g. Bontemps et al. 2001) , to name a few. The similarity in shapes of these respective system IMFs has encouraged the idea of a universal IMF. A piece-wise form of such an IMF was proposed by Kroupa (2002) , and a lognormal IMF, by Chabrier (2003) . The question relating to the form of the IMF raises a more fundamental issue, that of the evolution of prestellar cores, and the factors likely to affect the final distribution of stellar masses.
Infrared observations of dense prestellar cores have enabled determination of core masses in a number of nearby star-forming regions, which like the stars themselves, also follow a power-law distribution (e.g. Motte In the present work we use a sample of cores with randomly picked masses to derive the stellar-mass distribution for five realisations of the problem.
First, starting with a power-law CMF defined by Eqn. (1) below, we derive the stellar mass distribution for 4 cases: (a) cores in this case are initially quiescent, self-gravitating cores are allowed to cool according to a suitable cooling-law, (b) similar to (a), however, precollapse cores are additionally supported by a transonic turbulent field, and (c) as in (a), the cores are quiescent, but self-gravitating cores are not allowed to cool. Finally, (d) for a sample of cores having a uniform mass distribution, we derive a stellar mass distribution for quiescent cores while admitting a cooling scheme. This case is repeated for a higher rate of mass accretion. The scheme employed for the purpose is outlined in §2 below; the results are presented and discussed in §3
and §4, and we conclude in §5.
Generating the stellar Initial mass function
We wish to test how crucial is the nature of the initial distribution of prestellar cores in determining the shape of the distribution of stellar masses, in particular the resemblance of the latter with the universal IMF. This hypothesis is tested using an analytic scheme based on the following three premises :
1. Assumption of the validity of Larson's scaling relation defined by Eqn.
(2) below, down to the spatial extent of a prestellar core. Keeping in mind the smallest length-scale over which the relation is valid, (typically 0.1 pc), our sample of prestellar cores is such that the size of the smallest core in it is larger than this minimum length scale.
2. We do not include contribution due to compressional heating of the gas in a self-gravitating core, nor do we account for viscous heating of the protostellar disk. Any additional heating will only raise the mass of putative fragments and probably produce fewer fragments, causing the final distribution to move towards the high-mass end. However, it is not our aim in a demonstrative calculation such as this one, to resolve the population of sub-stellar dwarfs, a largely recondite area in the theory of star-formation.
3. Investigation of the temporal stability of the attendant circumstellar disk is beyond the scope of the proposed deduction, so we simply work out the maximum number of sub-stellar fragments likely to condense out of the disk over the time required for the protostellar envelope to be blown off via feedback. Having accounted for protostellar feedback from the first generation of protostars, the calculations were terminated on formation of the next generation of stars, where possible, out of residual gas in a core. It is reasonable to so do since most of the gas in a core will have been consumed by the two generations of stars; some gas from the core may indeed be lost via feedback.
We note that under the proposed scheme, discussed in §2.1, we are only estimating the maximum number of fragments likely to condense out of a self-gravitating core. In the first three realisations of the problem, we use a sample of 14,000 randomly picked cores having individual mass, M core /M ⊙ , in the range 0.5 to 10. The core masses are distributed according to a powerlaw, The sample of cores within the desired range of masses is then generated by appropriately scaling the uniform distribution, R. The radius of a core, R core , is calculated using the empirical length scaling relation due to Larson (1981) ,
Under the approximation of a uniform density sphere for a core, the ensemble of prestellar cores in our sample has initial density typically on the order of a few times 10 6 cm −3 , modulo small variations by a factor of 1-2. The mass of putative fragments, M f rag , the number fragments, and the efficiency of fragmentation, i.e. the star-forming efficiency (SFE), were calculated for twelve choices of core temperature, T core , in the range 7 K to 30 K. Then, in a second realisation of the problem, we raised the effective sound-speed within a precollapse core by superposing a transonic turbulent velocity field having a mean dispersion, σ, and given by the scaling relation
While acknowledging the revision to this scaling relation recently proposed The scheme adopted in this work is akin to the latter scenario, where the mass of a protostellar baby, M init , is taken to be ∼ 0.05 M ⊙ , the Jeans mass at ∼7 K, the lowest choice of prestellar core temperatures in our sample.
The sound speed within a core, a
,m is the mean mass of gas molecules, for simplicity we assume the gas to be composed of molecular hydrogen and helium only; σ = 0 for non-turbulent cores. We wish to emphasise that only those cores that are gravitationally bound are allowed to fragment, unbound cores are considered still-born and therefore disqualified for further calculations. We, however, do not accommodate the converse possibility of a super-Jeans core remaining starless although such cases have been reported (e.g. Sadavoy et. al. 2010 ).
Protostellar fragments in either scenarios, gravitational fragmentation or competitive accretion, grow by accreting gas, calculations by Larson-Penston and Shu arrive at an accretion rate -
which is quite different from the Bondi-Hoyle(BH) accretion rate, 
for fitting parametersṀ 0 and β. While the BH-accretion rate provides an upper limit, that due to Larson-Penston, Hunter or Shu, is constant in time.
In case of a self-gravitating core, the mass, M(r), within a radius r is
where the integral in the second equality on the right hand side above accounts for any modulation due to protostellar feedback.
The foregoing discussion seeks to underline the difficulties in estimating the rate at which a protostellar fragment accretes gas. The mass of a protostar, M f rag , is then
where dM(t)/dt =Ṁ acc −Ṁ loss ,Ṁ loss being the rate of mass loss due to protostellar feedback. Each fragment, depending on its mass, M f rag , is assigned a temperature, T f rag , obtained from the well-known pre-main sequence evolution tracks. In the present exercise, T f rag varies between ∼(1500-6500) K, for M f rag between ∼(0.08-2.00) M ⊙ . Feedback from a protostar ejects some mass from the natal core, and heats up the rest of it which is then tested for possible formation of the next protostar. The process is continued till the core is exhausted whence star-formation is quenched.
Feedback and cooling
Young protostars drive energetic winds, and often, are associated with more energetic, and collimated molecular jets which inject considerable energy in star-forming regions and supposedly regulate star-formation episodes (e.g. Lada 1985) . While energetic jets are likely to puncture the cocoon enclosing a protostar to deposit the associated momentum outside the parent core, the weaker protostellar wind, on the other hand, may have a significant interaction with collapsing core and heat it (e.g. Wilkin & Stahler 1998).
Below we estimate the rate at which protostellar wind drives out gas from the collapsing core with the help of a model suggested by Wilkin & Stahler (1998) . The model envisages feedback in the form a shell driven by the wind.
The luminosity of the protostellar fragment as it accretes gas from the natal core is,
The velocity, V w , of the protostellar wind is
1 this equation follows from a trivial re-arrangement of the expression for energy of the driving the wind,
R ≡ R(t = t growth ), being the radius of the shell. IfṀ loss is the rate of mass loss due to the wind, then a key parameter, the mass transport rate, determines if the protostellar wind could possibly escape from a self-gravitating core; it is the ratio ofṀ loss against the rate of protostellar infall,Ṁ i ,
where V f f is the free-fall velocity 2 ;Ṁ i ≡ dM(t)/dt, and in the absence of feedback,Ṁ i is as defined by Eqn. (4) above with 0.975 being the constant of proportionality (Shu 1977) . We use Eqns. (6) and (8) to calculate the mass of a protostar.
Cooling The temperature of the envelope of gas cocooning the young protostar, and heated by it is T gas ∼ T f rag e −τ , τ being the optical depth within the core and τ ∼ N H 2 s. For a core predominantly composed of molecular hydrogen, its column density, N H 2 , may be estimated using an empirical relation,
and a typical absorption cross-section, s ∼ 10 −21 cm −2 . The heated gas within a self-gravitating core is allowed to cool via stimulated dust emission at infrared wavelengths. Although dust is the dominant coolant at typical protostellar densities, collisions between gas molecules and dust grains also contribute towards cooling, however, the contribution due to the latter, 2 We borrow Eqns. (8) and (11) defined by the cooling function,
(Goldsmith 2001), is less significant compared to the former. Cooling due to dust is quantified by the corresponding cooling function,
(Goldsmith 2001).
The new temperature of the core, T new , that has radiated excess of its energy via emission from heated dust grains is,
The residual gas in a core having acquired this new temperature, the revised Jeans mass, M Jeans (T = T new ), was calculated for it. The calculations were terminated in case M Jeans (T = T new ) exceeded the available mass within the self-gravitating core; feedback from the relatively massive protostars may, however, disrupt the natal core. Heating of prestellar cores due to cosmic rays has been neglected in these calculations, for their effect is likely to be restricted to the periphery of a typical core.
Results
The relationship between the CMF and the IMF has previously been dis- IMF so derived, for an SFE∼ 0.15, i.e. a 15% core-to-star conversion efficiency, matched the universal IMF suggested by Kroupa (2002) . In the present work, however, having invoked physical details of a typical starformation episode, modulo the assumptions listed above, we have adopted a different route in our attempt to deduce a distribution of stellar masses.
However, our treatment of the problem is different from the hierarchical fragmentation scheme suggested by Larson (1973) . While the hierarchical fragmentation scheme produced a distribution similar to the canonical IMF, the type of fragmentation envisaged in it lacks supporting numerical evidence.
We shall now proceed to discuss individual realisation in this work. 
(Kroupa 2002), plotted using continuous bold, black segments. Also plotted, for comparative purposes is the lognormal IMF suggested by Chabrier (2003) ,
for M 0 ∼ 0.08 M ⊙ , and 2σ 2 M ∼ 1, that also fits the red histogram, the distribution of stellar masses for this case, quite well.
Knowing the number of fragments produced by a core, the core-to-star efficiency, SFE, is calculated as-
The distribution of the SFE as a function of their masses and initial temperature, T core , is shown in the left-hand panel of Fig. 3 . The SFE, in general, lies between 5% to 15%, while a few cores that are relatively large convert up to ∼25% of their gas into stellar objects. Small, warm cores, on the other hand remain sterile as expected. Case 3: (non-turbulent cores + no cooling) Cores, in this case, were allowed to fragment without invoking the cooling mechanism described in §2.1, although feedback from the prostellar fragments was included and ended up with even fewer fragments, ∼ 156, 000. The effect of neglecting emission from warm dust in a self-gravitating core is similar to that of adding a turbulent velocity field to cores, reported in the previous case. The resulting distribution of fragment masses for this case is shown by the yellow histogram plotted in Fig. 2 . As in the previous case, while the high-mass end, M f rag /M ⊙ 0.8, is little affected, its low-mass end shows a considerable rightward shift.
There are no fragments less massive than ∼0.1 M ⊙ .
Case 4a: (non-turbulent cores + cooling; uniformly distributed core masses) Starting with a sample of 20,000 cores with masses in the range (0.5,10)M ⊙ , but now distributed uniformly, the stellar mass distribution for about 250,000 fragments derived using thermodynamic details as in case 1, has been plotted in the top panel of Fig. 4 . Overlaid on top of it is the power-law,
which is not too different from the universal IMF defined by Eqn. (12) form for the rate with which gas is accreted from their natal cores depends on, both, the prevalent physical conditions within the core, and the rate at which mass is blown away by feedback. argue that a power-law CMF is not a necessary preclude to a stellar mass distribution that resembles the universal IMF.
We note that the models in cases 1, 2, and 4a which include contribution due to dust cooling and a relatively lower rate of accretion,Ṁ acc ∼ 10 
Conclusions
For two samples of prestellar cores, distributed according to : (A) a power-law distribution defined by Eqn. (1) above, and (B) uniformly, with masses in the range 0.5 M ⊙ to 10 M ⊙ , we have derived a distribution of stellar masses. We draw the following inferences :
1. By invoking a simple cooling mechanism and protostellar feedback, a stellar mass distribution similar to the IMF, is recovered for either choices of the CMF, (A) or (B), withṀ acc ∼ 10 −6 M ⊙ yr −1 , consistent with that inferred observationally; a higher rate of accretion, however, produces too many sub-Solar protostars as can be seen in the bottom panel of Fig. 4 , and could thus, be a crucial parameter in determining the final shape of stellar mass distribution.
2. The distribution of stellar masses appears sensitive to the thermal properties of self-gravitating cores, and the rate at which protostars accrete matter from the natal cores (Cases 1, 2 & 3 in §3), interestingly enough, it appears intransitive to the preceding distribution of core masses (Cases 4a & 4b). We therefore suggest, the apparent similarity between the observationally derived CMF, such as the one given by
Eqn. (1), and the universal IMF is possibly a coincidence.
3. The SFE, however, appears unaffected by the injection of a little turbulence in parent cores (case 2 in §3), although the stellar mass distribution is shifted a little towards the higher mass end, and the shift is considerable when self-gravitating cores are not allowed to cool. There is a deficiency of fragments less massive than ∼0.1 M ⊙ in the latter case.
4. The prestellar cores in our test sample had roughly similar initial density modulo variation by a factor of 2-3, and so, they evolved on a mutually comparable timescale. In view of the empirical nature of the scaling relations defined by Eqns. (2) and (3) above, it appears that despite spanning a wide range of masses, the prestellar cores may have approximately comparable initial densities, and therefore, evolve over similar timescales. The distribution of stellar masses derived here is therefore fairly robust, and inoculated against variations in the evolutionary timescales of the cores in the ensemble. In order to place this argument on a stronger footing, we must further investigate the formation of prestellar cores, and their congenital properties.
